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CONTENT ADDRESSABLE DATA STORAGE AND 
COMPRESSION FOR COMPUTER MEMORY 

5 Inventors: Michael Gilfix 

Anthony N. Liguori 

BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

The field of the invention is data processing, or, more specifically, methods, systems, 
15 and products for content addressable data storage and compression for computer 
memory. 

Description Of Related Art 

20 Content addressable storage, sometime called associative storage, is a kind of 

computer memory storage in which items of data are stored and retrieved by analysis 
of their content rather than by fixed memory addresses or locations. Traditional 
approaches to content addressable storage confiront a dilemma: content addressable 
methods can be efficient in terms of CPU utilization if they use fixed memory block 

25 sizes, but using a fixed memory block size is an inefficient use of underlying storage 
media. Traditional methods of content addressable storage also typically do not 
provide for data compression, although, in terms of efficient use of underlying storage 
media, it would be beneficial if they did. There is therefore an ongoing need for 
improvement in the area of content addressable storage. 



AUS920030606US1 



Patent Application 



SUMMARY OF THE INVENTION 



Methods, systems, and products of content addressable data storage and compression 
5 for computer memory are disclosed as providing a chunk of data comprising a 

quantity of input data; retrieving a memory block from computer memory; searching 
for a segment of the chunk that matches the memory block; and if a matching 
segment is found: discarding the matching segment; providing a retrieval key for the 
memory block as a retrieval key for the matching segment; identifying an unmatched 
1 0 portion of the chxmk that does not match the memory block; storing the unmatched 
portion; and providing a retrieval key for the unmatched portion. 



In typical embodiments, providing a chunk comprises retrieving from input a quantity 
of input data for storage and compression having a chunk size larger than the 

15 maximum memory block size. In typical embodiments, retrieving a memory block 
from computer memory comprises retrieving from computer memory a memory 
block having a memory block size no greater than a maximum memory block size. In 
typical embodiments, searching for a segment of the chunk that matches the memory 
block comprises searching at a repeating memory interval through a search section of 

20 the chunk for a segment of the chunk that matches the memory block. In many 
embodiments, the memory interval is one bit. 



In typical embodiments, searching at a repeating memory interval through a search 
section of the chunk for a segment of the chunk that matches the memory block 

25 includes: calculating a weak checksum for the memory block; calculating weak 
checksums for segments of the search section of the chunk; comparing the weak 
checksums for the segments with the checksum for the memory block; and, if a 
segment is found with a weak checksum equal to the weak checksum of the memory 
block: calculating a strong checksum for the memory block; calculating a strong 

30 checksum for the segment with the matching weak checksum; comparing the strong 
checksum of the memory block and the strong checksum for the segment with the 
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equal weak checksum; determining that the search has found a segment having 
contents that match the contents of the memory block if the strong checksum of the 
memory block and the strong checksum for the segment with the matching weak 
checksum are equal. In typical embodiments, calculating a strong checksum for the 
5 memory block comprises calculating a static strong checksum for the memory block. 
In typical embodiments, calculating weak checksums for segments of the search 
section of the chunk comprises calculating rolling weak checksums. 

In typical embodiments, storing the unmatched portion of the chunk comprises 
1 0 storing the unmatched portion of the chunk as a new memory block having a memory 
block size equal to the size of the unmatched portion of the chunk. In typical 
embodiments, providing a retrieval key for the unmatched portion of a chunk 
includes: calculating a weak checksum for the unmatched portion of the chunk and 
calculating a strong checksum for the unmatched portion of the chunk. In typical 
15 embodiments, providing a chunk may include: retrieving from input a quantity of 
data equal in size to the sum of the sizes of the matching segment and the unmatched 
portion and concatenating the retrieved input quantity to a remaining portion of the 
chunk that remains after discarding the matching segment and storing the unmatched 
portion. 

20 

In typical embodiments, searching for a segment of the chunk that matches the 
memory block fails to find a matching segment, the method further comprising 
repeatedly carrying out the following steps for all memory blocks in computer 
memory until a matching segment is found: retrieving a next memory block from 

25 computer memory and searching for a segment of the chunk that matches the next 
memory block. In typical embodiments, when no matching segment is found in any 
memory block in computer memory, the method includes: storing a search section of 
the chunk and providing a retrieval key for the search section of the chunk. In typical 
embodiments, storing a search section of the chunk comprises storing the search 

30 section of the chunk as a new memory block having a memory block size equal to the 
size of the search section of the chunk. 
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In typical embodiments, providing a retrieval key for a search section of a chunk may 
include: calculating a weak checksum for the search section of the chunk and 
calculating a strong checksum for the search section of the chunk. In typical 
5 embodiments, providing a chunk may include: retrieving from input a quantity of 
data equal in size to the search section and concatenating the retrieved input quantity 
to the remaining portion of the chunk that remains after storing the search section. 
Typical embodiments also include receiving a retrieval key; identifying a memory 
block in dependence upon the retrieval key; and retrieving the identified memory 
10 block. 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular descriptions of exemplary embodiments 
of the invention as illustrated in the accompanying drawings wherein like reference 
1 5 numbers generally represent like parts of exemplary embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 sets forth a block diagram of an exemplary architecture in which may be 
implemented content addressable data storage and compression for computer memory 
5 according to embodiments of the present invention. 

Figure 2 sets forth a block diagram of a further exemplary architecture in which may 
be implemented content addressable data storage and compression for computer 
memory according to embodiments of the present invention. 

10 

Figure 3 sets forth a block diagram of a still further exemplary architecture in which 
may be implemented content addressable data storage and compression for computer 
memory according to embodiments of the present invention. 

1 5 Figure 4 sets forth a flow chart illustrating an exemplary method of content 
addressable data storage and compression for computer memory. 

Figure 5 sets forth a line drawing illustrating an exemplary search for a segment of a 
chxmk that matches a memory block. 

20 

Figure 6 sets forth a line drawing illustrating an exemplary search for a segment of a 
chunk that matches a memory block on the assumption that in searching through the 
chunk, no matching segment was found. 

25 Figure 7 sets forth a flow chart that illustrates an exemplary method of searching at a 
repeating memory interval through a search section of a chunk for a segment of the 
chunk that matches a memory block. 

Figure 8 sets forth a flow chart illustrating an exemplary method of reading data from 
30 memory according to embodiments of the present invention. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 



Introduction 

5 The present invention is described to a large extent in this specification in terms of 
methods for content addressable data storage and compression for computer memory. 
Persons skilled in the art, however, will recognize that any computer system that 
includes suitable programming means for operating in accordance with the disclosed 
methods also falls well within the scope of the present invention. Suitable 

10 programming means include any means for directing a computer system to execute 
the steps of the method of the invention, including for example, systems comprised of 
processing units and arithmetic-logic circuits coupled to computer memory, which 
systems have the capability of storing in computer memory, which computer memory 
includes electronic circuits configured to store data and program instructions, 

1 5 programmed steps of the method of the invention for execution by a processing unit. 

The invention also may be embodied in a computer program product, such as a 
diskette or other recording medium, for use with any suitable data processing system. 
Embodiments of a computer program product may be implemented by use of any 

20 recording medium for machine-readable information, including magnetic media, 
optical media, or other suitable media. Persons skilled in the art will immediately 
recognize that any computer system having suitable programming means will be 
capable of executing the steps of the method of the invention as embodied in a 
program product. Persons skilled in the art will recognize immediately that, although 

25 most of the exemplary embodiments described in this specification are oriented to 
software installed and executing on computer hardware, nevertheless, alternative 
embodiments implemented as firmware or as hardware are well within the scope of 
the present invention. 



6 



AUS920030606US1 



Patent Application 



Content Addressable Data Storage and Compression 

Methods, systems, and products for content addressable data storage and compression 
for computer memory are explained with reference to the accompanying drawings, 
5 beginning with Figure 1 . Figure 1 sets forth a block diagram of an exemplary 
architecture in which may be implemented content addressable data storage and 
compression for computer memory according to embodiments of the present 
invention. The architecture of Figure 1 includes a memory client (1 50) and a memory 
management system (152). Meriiory client (150) is any aggregation of computer 
1 0 hardware or software that writes to or reads from computer memory, including, for 
example, hardware input/output adapters, device drivers, file systems, operating 
systems, applications programs, and so on, as will occur to those of skill in the art. 

Memory management system (152) is a combination of computer hardware and 
1 5 software that implements methods for content addressable data storage and 
compression for computer memory according to embodiments of the present 
invention. Memory management system (152) operates to write (130) data to 
computer memory and to read (132) data from computer memory. In writing (130) 
data to computer memory, memory management system (152) receives data (136) 
20 typically through an input stream and retums to its writing memory client (1 50) 
retrieval keys (134) that the client can later use to read the written data back from 
memory. In reading (1 32) data from computer memory, memory management 
system (152) receives from a reading memory client (150) a stream of retrieval keys 
(140) and returns to the client data (138) previously written to memory. 

25 

In the example of Figure 1, memory management system (152) uses computer 
memory device (110) for actual data storage. Computer memory device (1 10) is 
implemented as any form of computer memory that can be both written and read, 
including, for example, random access memory, electrically erasable progranmiable 
30 read only memory ('EEPROM' or 'flash memory'), read/write optical memory. 
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magnetic disk drives, and so on as will occur to those of skill in the art. To track the 
actual location in memory of memory blocks associated with retrieval keys, memory 
management system (152) maintains block access table (118) relating retrieval keys 
(116) and memory block locations (120). 

5 

Figure 2 sets forth a block diagram of a further exemplary architecture in which may 
be implemented content addressable data storage and compression for computer 
memory according to embodiments of the present invention. In the architecture of 
Figure 2, a memory client is represented by file system (106), and a memory 

10 management system according to an embodiment of the present invention is 

represented as a memory device driver (108). If computer memory device (1 1 0) is a 
magnetic disk drive, device driver (108) is a driver for a magnetic disk. If computer 
memory device (1 10) is a read/write optical disk drive, device driver (108) is a driver 
for an optical disk drive - and so on, for any kind of computer memory device that 

15 supports both reads and writes. In the example of Figure 2, files system (106) acting 
as a memory client tracks retrieval keys (1 16) by filename (1 14) in file access table 
(112), so that the file system acting as a memory client can accept retrieval keys (134) 
as returns fi-om memory write operations (130) and can provide retrieval keys (140) 
as input parameters for memory read operations (132). 

20 

Figure 3 sets forth a block diagram of a still fiirther exemplary architecture in which 
may be implemented content addressable data storage and compression for computer 
memory according to embodiments of the present invention. In the architecture of 
Figure 3, a memory client is represented by a database management interface (162) in 

25 a database management system (160), and the architecture includes memory 

management system (170) as a module within the database management system (160) 
that implements methods for content addressable data storage and compression for 
computer memory according to embodiments of the present invention. Database 
management interface (162) presents an API (application programming interface) to 

30 application program (102), such as, for example, a Structured Query Language 

("SQL") interface supporting data storage fi-om the application program's point of 
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view in tables (164), rows (166), and columns (168). In this example, however, 
rather than storing the actual data in fields in a database table, database management 
interface (162) associates with the rows and columns retrieval keys (116) according to 
the present invention. In the example of Figure 3, database management interface 
5 (162), acting as a memory client, compresses and stores the actual data in block 
access table (1 18) by accepting retrieval keys (134) as retums fi-om memory write 
operations (130) and providing retrieval keys (140) as input parameters for memory 
read operations (132). Block access table (1 1 8) in this example is just another 
database table supported by database management system (160). In this example, 
10 block access table (170), rather than storing memory block locations, stores the actual 
memory blocks themselves (172) in direct association with their retrieval keys (172). 

Figure 4 sets forth a flow chart illustrating an exemplary method of content 
addressable data storage and compression for computer memory that includes 

1 5 providing (302) a chunk of data comprising a quantity of input data. Computer 
memory (324) and the method of Figure 4, in providing content addressable data 
storage and compression, are configured to operate with a maximum memory block 
size for data to be compressed and stored in computer memory. A "chunk'' is an 
input quantity of memory to be processed for storage and compression by searching it 

20 for matching memory segments according to embodiments of the present invention. 
In order to support searching through a chunk for a matching segment that is the same 
size as a memory block under comparison, a chunk in the method of Figure 4 
advantageously has a chunk size that is larger than the maximum block size. 

25 At startup, providing (302) a chunk generally is carried out by retrieving fi-om input a 
quantity of input data for storage and compression having a chunk size larger than the 
maximum memory block size. In many embodiments, providing (302) a chunk at 
startup may include retrieving fi*om input a quantity of input data for storage and 
compression having a predetermined minimum chunk size larger than the maximum 

30 memory block size. In some exemplary embodiments of the method of Figure 4, a 
predetermined minimum chunk size is set to twice the maximum memory block size. 
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advantageously supporting searches of chunks for memory blocks of the maximum 
size so that no more than one match may occur during each search loop. In addition 
to startup processing, there are circumstances in the method of Figure 4, discussed in 
more detail below, in which providing a chunk is carried out by retrieving from input 
5 a quantity of data of any size less than a predetermined maximum, including for 
example, after keying an unmatched portion of a chxmk (322) and after keying a 
stored search section of a chunk (328). 

The method of Figure 4 includes retrieving (304) a memory block from computer 
10 memory (324) and searching (306) for a segment of the chunk that matches the 
memory block. In the method of Figure 4, retrieving (304) a memory block from 
computer memory (324) is carried out by retrieving from computer memory a 
memory block having a memory block size no greater than a maximum memory 
block size. That is, a retrieved memory block in this example may have any memory 
1 5 block size not larger than a maximum memory block size as predetermined for any 
particular embodiment. 

In the example of Figure 4, searching (306) for a segment of a chunk that matches a 
memory block includes searching at a repeating memory interval through a search 
20 section of the chunk for a segment of the chunk that matches the memory block. In 
many embodiments, the memory interval is set to one bit, although that is not a 
limitation of the invention. In other embodiments, the repeating memory interval for 
search may be set to any usefiil memory interval as will occur to those of skill in the 
art, two bits, one nibble, one byte, one memory word, a double word, and so on. 

25 

Searching (306) for a segment of a chunk that matches a memory block is explained 
fiirther with reference to Figure 5. Figure 5 sets forth a Une drawing illustrating an 
exemplary search for a segment of a chunk that matches a memory block. In the 
example of Figure 5, memory block (202) has been retrieved and a search for a 
30 matching segment (204) of chunk (2 1 0) is carried out by beginning at the beginning 
at the first segment of the chunk and comparing the memory block with each segment 
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having a segment start point inside the search section (208) of the chunk. 

In this example, the chunk size is one kilobyte, 1024 bytes, the maximum memory 
block size for the embodiment is set to 5 12 byes, the memory block under 
5 comparison is assumed to have a memory block size of the maximum, 5 1 2 bytes, and 
the repeating memory interval for the search is set to one bit. The bits in the chunk 
are numbered from 1 through 1024 * 8 = 8192. Each segment to be compared with 
the memory block in this exemplary search then is 4096 bits in size, and the segments 
to be compared overlay one another beginning with a first segment whose segment 

10 start point is at chunk bit 1 and whose segment end point is at chunk bit 4096. A 
second segment has a segment start point at chunk bit 2 and a segment end point at 
chunk bit 4097. A third segment has a segment start point at chunk bit 3 and a 
segment end point at chunk bit 4098. And so on, through the last segment in the 
search section (208) of the chunk whose segment start point at chunk bit 4096 and a 

1 5 segment end point at chunk bit 8 1 9 1 . 

The use of a search section (208) is explained further with reference to Figure 6. 
Figure 6 sets forth a line drawing illustrating an exemplary search for a segment of a 
chimk that matches a memory block on the assumption that in searching through 

20 chunk (210), no matching segment was found. This search was similar to the search 
of Figure 5, a one-kilobyte chunk with a 512 byte memory block for comparison. In 
this example, where no match was found, the entire search section (208) is broken off 
from the chunk, keyed, and then stored in memory as a new memory block. The 
segment (216) with a segment start point at chunk bit 4097 and a segment end point at 

25 chunk bit 8 1 92, now taken as the "remaining portion," if no matching segment is 
found in the chunk under comparison, is also taken as the first segment in a next 
search section for a next chunk - where in that next chunk the segment will be 
deemed to have a segment start point at chunk bit 1 and a segment end point at chunk 
bit 4096. 

30 

In the example of Figure 5, if it is assumed that a search has resulted in finding a 
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matching segment (204), having segment start point (212) at chunk bit 800 and a 
segment end point (214) at chunk bit 4896, then the portion of the chunk from bit 1 
through bit 799 is an unmatched portion (206) of the chunk to be keyed and stored in 
memory in a new memory block. The matched segment (204) is to be keyed with the 
5 same key as the memory block (202) it matches and then discarded, because a 

memory block (202) matching the segment (204) is already stored in memory. The 
remaining portion (216) of the chunk, that is, the portion remaining after the 
unmatched portion is stored and the matched segment is discarded, is used to form the 
beginning of a next chunk for comparison, as described in more detail below. 

10 

Searching (306) for a segment of a chunk that matches a memory block is explained 
further with reference to Figure 7. Figure 7 sets forth a flow chart that illustrates an 
exemplary method of searching at a repeating memory interval through a search 
section of the chunk for a segment of the chunk that matches a memory block. The 
15 method of Figure 7 includes calculating (402) a weak checksum for the memory 
block. A weak checksum may be implemented as any function having a relatively 
low computational overhead. Lossy linear fimctions such as the Adler-32 checksum 
from RFC 2960 and RFC 1950 are useful as weak checksums. Another example of a 
useful weak checksum is a simple sum of the values of the bits in a memory block. 

20 

The method of figure 7 also includes calculating (403) weak checksums for segments 
of the search section of the chunk. Because calculating weak checksums for 
segments of the search section is often carried out by calculating weak checksums for 
a series of adjacent, overlapping segments, calculating (403) weak checksums for 

25 segments of the search section of the chunk is often carried out by calculating rolling 
weak checksums. Consider an example of a weak checksum calculated as a rolling 
sum of the values of the bits in a segment. Assume that the memory block size is 512 
bytes and that the segment size for segments in a chunk is also therefore 512 bytes. 
Calculating a rolling weak checksum then is carried out by summing the values of 

30 bits 1 - 4096 for the first segment in the search section of the chunk to establish a 
rolling weak checksum. Then the weak checksum for the second segment is 
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calculated by subtracting from the rolling weak checksum the value of bit 1 and 
adding the value of bit 4097. The weak checksum for the third segment is calculated 
by subtracting from the rolling weak checksum the value of bit 2 and adding the value 
of bit 4098. The weak checksum for the fourth segment is calculated by subtracting 
5 from the rolling weak checksum the value of bit 3 and adding the value of bit 4099, 
continuing until a match is foimd or for all the segments in the search section of a 
chunk if no match is found. 

The method of Figure 7 also includes comparing (404) the weak checksums for the 
10 segments with the checksum for the memory block. When a segment's weak 
checksum is found not equal to the weak checksum of the memory block (406), 
processing continues in the method of Figure 7 by determining (422) whether there 
are more segments in the chunk to be compared with the current memory block, and, 
if so (416), moving (420) to the next segment, calculating a weak checksum for the 
1 5 next segment (403), comparing (404) that weak checksum with the weak checksum 
for the memory block, and so on. 

Weak checksums do not uniquely identify a chunk segment or a memory block, and a 
positive comparison therefore identifies a probable match between a memory block 

20 and a segment of a chunk but does not conclusively determine a match. Weak 

^ - checksums are used to exclude non-matching segments with small computational 
overhead. When a candidate segment is found with a matching weak checksum, 
however, a stronger calculation is needed to determine whether a true match exists. If 
a segment is found with a weak checksum equal to the weak checksimi of the 

25 memory block (408), therefore, the method of Figure 7 includes calculating (410) a 
strong checksum for the memory block. A strong checksum is a fiinction that when 
applied to the contents of a memory block or chunk segment yields a result that is 
unique to a high degree of probability. Examples of strong checksums include one- 
way hashing fiinctions such as SHA and MD5. SHA is the 'Secure Hash Algorithm,' 

30 an algorithm designed for use with the Digital Signature Standard (DSS), a 

cryptographic standard of National Institute of Standards and Technology (NIST) and 
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the National Security Agency (NSA). MD5 is the Messaging Digest algorithm 
number 5, developed by Ronald Rivest and promulgated as a standard in RFC 1321 
from the Internet Engineering Task Force. These examples are for explanation, not 
for limitation. In fact, it is well within the scope of the present invention to use any 
5 strong checksum function as will occur to those of skill in the art. 

The method of Figure 7 also includes calculating (412) a strong checksum for the 
segment with the matching weak checksum and comparing (414) the strong 
checksum of the memory block and the strong checksum for the segment with the 

10 equal weak checksum. Because many such comparisons will typically be calculated 
in a loop, in many embodiments, calculating (410) a strong checksum for the memory 
block comprises calculating a static strong checksum for the memory block, thereby 
calculating the strong checksum for the memory block only once even if a looping 
series of comparisons produces multiple candidates with equal weak checksums for 

15 comparison. 

The method of Figure 7 includes determining (310) that the search has foimd a 
segment having contents that match the contents of the memory block if the strong 
checksum of the memory block and the strong checksum for the segment with the 

20 matching weak checksum are equal. When such a match is found, processing 

continues in this example with discarding the matching segment (314), providing a 
key for the memory block (316), and so on, according to the exemplary method of 
Figure 4. If in comparing (414) the strong checksum of the memory block and the 
strong checksum for the segment with the equal weak checksum no match is found 

25 (41 8), processing continues in the method of Figure 7 by determining (422) whether 
there are more segments in the chunk to be compared with the current memory block, 
and, if so (416), moving (420) to the next segment, calculating a weak checksum for 
the next segment (403), comparing (404) that weak checksum with the weak 
checksum for the memory block, and so on. 

30 

Finding no match (418) in comparing (414) the strong checksum of the memory 
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block and the strong checksum for the segment with the equal weak checksum when 
there are no more segments in the chunk to be compared with the current memory 
block (312) is taken as a determination of no matching segment in the chunk for the 
memory block under comparison. In this circumstance processing continues, in the 
5 method of Figure 4, for example, with determining (336) whether there are more 
memory blocks to be retrieved from memory and compared with segments of the 
chunk, and so on, as discussed below in more detail 

In the method of Figure 4, if, in searching (306) for a segment of a chunk that 
1 0 matches a memory block, a matching segment is found (3 1 0), the method includes 
discarding (314) the matching segment and providing (3 1 6) a retrieval key for the 
memory block as a retrieval key for the matching segment. It is useful to discard the 
matching segment because the fact that it matches the memory block under 
comparison means that one instance of the matching segment is already stored in 
15 memory and already has a retrieval key associated with it. The method 

advantageously includes providing (3 1 6) a retrieval key for the memory block as a 
retrieval key for the matching segment because the matching segment and the 
memory block are identical. In fact, this is a useful example of memory compression 
achieved by storing these identical contents only once. Any memory client wishing 
20 to retrieve those contents is provided the same key regardless of where in any data 
stream, data structure, chunk, or other aggregation of computer data those contents 
occur. 

When a matching segment is found, the method of Figure 4 includes identifying (3 1 8) 
25 an unmatched portion of the chunk that does not match the memory block, storing 
(320) tfie unmatched portion, and providing (322) a retrieval key for the unmatched 
portion. In fact, by comparison with matched segments which are discarded without 
being stored in memory, this unmatched portion of a chunk is a portion of an input 
data stream that is stored in memory. The method of Figure 4 implements variable 
30 memory block size by storing the unmatched portion of the chunk as a new memory 
block having a memory block size equal to the size of the unmatched portion of the 
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chunk. The memory block size varies because the size of an unmatched portion of a 
chunk varies from match to match. 

In the method of Figure 4, providing (322) a retrieval key for the unmatched portion 
5 of a chunk may be carried out by calculating a weak checksum for the unmatched 
portion of the chunk, calculating a strong checksum for the unmatched portion of the 
chunk, and using a combination of the two checksums as a retrieval key. Using a key 
derived from memory contents as a retrieval key advantageously makes it possible to 
verify memory contents by use of such a key. 

10 

Processing components of a chunk when a match is found is explained with reference 
to Figure 4 and Figure 5. In the method of Figure 4, when processing continues after 
finding a matching segment (310) and providing a key for an unmatched portion of a 
chunk (322), providing (302) a chunk, that is, a next chunk for continued processing, 
1 5 may be carried out by retrieving from input a quantity of data equal in size to the sum 
of the sizes of the matching segment (204 on Figure 5) and the unmatched portion 
(206) and concatenating the retrieved input quantity to a remaining portion (216) of 
the chunk that remains after discarding the matching segment (204) and storing the 
unmatched portion (206). 

20 

Processing components of a chunk in the method of Figure 4 when no match is found 
is explained with reference to Figure 4 and Figure 6. In the method of Figure 4, when 
searching (306) for a segment of the chunk that matches the memory block fails to 
find a matching segment (312), the method includes repeatedly carrying out the 

25 following steps for all memory blocks in computer memory until a matching segment 
is found (310): retrieving (332) a next memory block from computer memory (324) 
and searching (306) for a segment of the chunk that matches the next memory block. 
If no matching segment is found in any memory block in computer memory (342), 
the method of Figure 4 includes storing (326) a search section (208 on Figure 6) of 

30 the chunk (210) and providing (328) a retrieval key for the search section of the 

chunk. In the method of Figure 4, storing (326) the search section (208 on Figure 6) 
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of the chunk (210) is typically carried out by storing the search section of the chunk 
as a new memory block having a memory block size equal to the size of the search 
section of the chunk. 

5 In the method of Figure 4, providing (328) a retrieval key for a search section of a 
chunk typically includes calculating a weak checksum for the search section of the 
chunk and calculating a strong checksum for the search section of the chunk. When 
no match is found (312) and there are no further memory blocks for comparison 
(342), providing (302) a chunk, that is, providing a next chunk for further processing 
10 of an input stream, may be carried out by retrieving from input a quantity of data 
equal in size to the search section (208) concatenating the retrieved input quantity to 
the remaining portion (216) of the chunk that remains after storing the search section. 

Methods, systems, and products of content addressable data storage and compression 
1 5 for computer memory according to embodiments of the present invention support not 
only writing data to memory but also usefully support reading data from memory. 
Figure 8 sets forth a flow chart illustrating an exemplary method of reading data from 
memory according to embodiments of the present invention. The method of Figure 8 
includes receiving (502) a retrieval key (512). Receiving (502) a retrieval key (512) 
20 is typically implemented by receiving a retrieval key in a memory management 
system of content addressable data storage and compression as described in detail 
above in this specification. The retrieval key in the method of Figure 8 is a retrieval 
key that identifies a memory block, where the retrieval key was created for the block 
as described above in this specification. 

25 

The method of Figure 8 also includes identifying (504) a memory block in 
dependence upon the retrieval key (512) and retrieving (506) the identified memory 
block (514) for return to a reading memory client. The identified memory block in 
this example is a block identified in dependence upon the retrieval key. In the 
30 example of Figure 8, a memory management system according to an embodiment of 
the present invention maintains a table called a Block Access Table (516) that relates 
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retrieval keys (5 1 8) to memory block locations (520) in computer memory. In an 
example of a file system, a memory block location for a memory block having no 
fixed memory block size, although subject to a maximum memory block size, may be 
implemented, for example, as storage of disk identification, track number, sector 
5 number, beginning byte number (offset within a sector), and block size. 

It will be understood from the foregoing description that modifications and changes 
may be made in various embodiments of the present invention without departing from 
its true spirit. The descriptions in this specification are for purposes of illustration 
10 only and are not to be construed in a limiting sense. The scope of the present 
invention is limited only by the language of the following claims. 
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